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(54) PRESS-MOLDING DIE AND PRESS-MOLDING METHOD

(57) A press forming tool 21 according to the present
invention are configured to form a press forming part 1,
the press forming part 1 including: a top portion 3; a side
wall portion 5 continuous from the top portion 3 and hav-
ing a recessed portion 7 in which a bottom edge 11, which
is a side portion on an opposite side of the top portion in
a side view, is recessed toward the top portion 3; and a
flange portion 9 formed outward on the bottom edge 11
of the side wall portion 5, the recessed portion 7 including
a first curved portion 17 continuous with the bottom edge
11 being a portion having a large wall depth, an inclined
side portion 13 continuous with the first curved portion
17, a second curved portion 19 continuous with the in-
clined side portion 13, and a recessed side portion 15
having a small wall depth, arranged in order from the
bottom edge 11 being a portion having a large wall depth,
the flange portion 9 being formed such that the flange
portion 9 formed in the first curved portion 17 becomes
a shrink flange while the flange portion 9 formed in the
second curved portion 19 becomes a stretch flange.
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Description

Field

[0001] The present invention relates to a press forming
tool (tools of press forming) and a press forming method
applicable to press forming of a member such as an au-
tomotive part from a metal sheet, and particularly relates
to a press forming tool and a press forming method ap-
plicable to press forming parts having a top portion, a
side wall portion having a portion in which a wall height
changes in a side view, and a flange portion formed on
a bottom edge which is a side portion of the side wall
portion provided on an opposite side of the top portion.
Background
[0002] In recent years, in order to achieve weight re-
duction of automotive body due to environmental prob-
lems, high-strength steel sheets have been frequently
used for automotive parts. However, a high-strength steel
sheet is poor in elongation as compared with a steel sheet
having low strength and thus tends to cause fracture dur-
ing material processing. In addition, even when a high-
strength steel sheet is used, sheet metal thinning is also
performed at the same time for further weight reduction,
leading to a problem of high likelihood of occurrence of
buckling of the steel sheet and occurrence of wrinkles
during press forming. Therefore, development of a press
forming method for suppressing fracture and wrinkles is
strongly required.
[0003] For example, Patent Literature 1 discloses a
press forming method that uses a wrinkle suppression
pad (blank holder) driven separately from a punch and a
die and makes it possible to manufacture an automotive
part which is likely to cause wrinkles and stretch flange
fractures inside a product with no forming defectiveness.
The method disclosed in Patent Literature 1 is considered
to be able to manufacture an automotive part that is likely
to cause wrinkles and fractures inside a product without
forming defectiveness.

Citation List

Patent Literature

[0004] Patent Literature 1: JP 6032374 B2 

Summary

Technical Problem

[0005] However, the press forming method disclosed
in Patent Literature 1 is a method that needs to hold down
the inside of the product away from the flange using a
wrinkle suppression pad. Therefore, the method has a
problem that the technique cannot be applied to a shape
having occurrence of wrinkles or fractures in the flange
portion itself.
[0006] The present invention has been made in view

of the above problem, and aims to provide a press form-
ing tool and a press forming method applicable to a press
forming part having an occurrence of wrinkles and frac-
tures in a flange itself and capable of simultaneously sup-
pressing the wrinkles and fractures occurring in the
flange.

Solution to Problem

[0007] A press forming tool according to the present
invention for forming a press forming part, the press form-
ing part including: a top portion; a side wall portion con-
tinuous from the top portion and having a recessed por-
tion in which a bottom edge, which is a side portion on
an opposite side of the top portion in a side view, is re-
cessed toward the top portion; and a flange portion
formed outward on the bottom edge of the side wall por-
tion, the recessed portion including a first curved portion
continuous with the bottom edge being a portion having
a large wall depth, an inclined side portion continuous
with the first curved portion, a second curved portion con-
tinuous with the inclined side portion, and a recessed
side portion having a small wall depth, arranged in order
from the bottom edge being a portion having a large wall
depth, the flange portion being formed such that the
flange portion formed in the first curved portion becomes
a shrink flange while a flange formed in the second curved
portion becomes a stretch flange, includes: an upper die;
a lower pad configured to work in cooperation with the
upper die to form the top portion, the side wall portion,
and the flange portion in the bottom edge being portions
having a large wall depth, and the first curved portion, in
the side wall portion, and form a torsional shape portion
at the inclined side portion; and a lower die disposed
adjacent to the lower pad and configured to work in co-
operation with the upper die to form the torsional shape
portion into the flange portion, and form the flange portion
in the second curved portion continuous with the inclined
side portion and in the recessed side portion, wherein
the upper die includes: a top forming portion configured
to form the top portion; a side wall forming portion con-
figured to form the side wall portion; a bottom edge flange
forming portion configured to form the flange portion on
the bottom edge that is an opposite side portion of the
top portion of the side wall portion; a first curved portion
flange forming portion configured to form the flange por-
tion in the first curved portion; an inclined side portion
flange forming portion configured to form the flange por-
tion in the inclined side portion; a second curved portion
flange forming portion configured to form the flange por-
tion in the second curved portion; and a recessed side
portion flange forming portion configured to form the
flange portion in the recessed side portion, the lower pad
includes: a lower pad top forming portion; a lower pad
side wall forming portion; a lower pad bottom edge flange
forming portion; and a lower pad first curved portion
flange forming portion, the lower die includes: a lower die
inclined side portion forming portion configured to form
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the flange portion in the inclined side portion; a lower die
second curved portion flange forming portion configured
to form the flange portion in the second curved portion;
and a lower die flange forming portion configured to form
the flange portion in the recessed side portion, and press
forming is performed such that by using the upper die
and the lower pad during an initial stage of forming, the
top portion, the side wall portion, and the flange portion
in the bottom edge being a portion having a large wall
depth and in the first curved portion, of the side wall por-
tion, are formed, and a torsional shape portion is formed
in the inclined side portion, and by using the upper die
and the lower die during a late stage of forming, the tor-
sional shape portion is formed into the flange portion,
and the flange portion is formed in the second curved
portion and in the recessed side portion so as to achieve
formation of a target shape.
[0008] A press forming method according to the
present invention for forming a press forming part by us-
ing the press forming tool according to claim 1, the press
forming part including: a top portion; a side wall portion
continuous from the top portion, the side wall portion hav-
ing a recessed portion in which a bottom edge, which is
a side portion on an opposite side of the top portion in a
side view, is recessed toward the top portion; and a flange
portion formed outward on the bottom edge of the side
wall portion, the recessed portion including a first curved
portion continuous with the bottom edge being a portion
having a large wall depth, an inclined side portion con-
tinuous with the first curved portion, a second curved
portion continuous with the inclined side portion, and a
recessed side portion having a small wall depth, arranged
in order from the bottom edge being a portion having a
large wall depth, the flange portion being formed such
that the flange portion formed in the first curved portion
becomes a shrink flange while a flange formed in the
second curved portion becomes a stretch flange, in-
cludes: an initial forming step of, by using the upper die
and the lower pad, forming the top portion, the side wall
portion, and the flange portion in the bottom edge being
a portion having a large wall depth and in the first curved
portion, of the side wall portion, and forming a torsional
shape portion in the inclined side portion; and a late form-
ing step of moving the lower die relatively with respect
to the upper die while sandwiching a blank between the
upper die and the lower pad, forming the torsional shape
portion into the flange portion, and forming the flange
portion in the second curved portion and in the recessed
side portion so as to achieve formation of a target shape.

Advantageous Effects of Invention

[0009] According to the press forming tool and the
press forming method of the present invention, formation
using the upper die and the lower pad is performed in an
initial stage of forming such that the top portion, the side
wall portion, and the flange portion in a bottom edge being
a portion having a large wall depth and in a first curved

portion, of the side wall portion, are formed, and the tor-
sional shape portion is formed in the inclined side portion,
and formation using the upper die and the lower die is
performed at a late stage of forming such that the tor-
sional shape portion is formed into a flange portion, and
a flange portion is formed in the second curved portion
and in the recessed side portion so as to achieve forma-
tion of a target shape, making it possible to apply the
technique to a press forming part in which wrinkles or
fractures occur in the flange itself, and possible to simul-
taneously suppress wrinkles and fractures occurring in
the flange.

Brief Description of Drawings

[0010]

FIG. 1 is a view illustrating a press forming tool ac-
cording to an embodiment of the present invention
(part 1).
FIG. 2 is a view illustrating the press forming tool
according to the embodiment of the present inven-
tion (part 2) .
FIG. 3 is a view separately illustrating the press form-
ing tool according to the embodiment of the present
invention, in which FIG. 3(a) illustrates an upper die,
FIG. 3(b) illustrates a lower pad, and FIG. 3(c) illus-
trates a lower die.
FIG. 4 is a view illustrating a press forming method
according to the embodiment of the present inven-
tion.
FIG. 5 is a view illustrating states of tools in a forming
preparation step of the press forming method ac-
cording to the embodiment of the present invention.
FIG. 6 is a view illustrating states of tools in an initial
forming step of the press forming method according
to the embodiment of the present invention.
FIG. 7 is an enlarged view of portion AA of a formed
part in the initial forming step in FIG. 4.
FIG. 8 is a view illustrating a mechanism of suppress-
ing occurrence of wrinkles in the initial forming step.
FIG. 9 is a view illustrating states of tools in a late
forming step of the press forming method according
to the embodiment of the present invention.
FIG. 10 is an enlarged view of portion BB in a target
shape in the late forming step of FIG. 4.
FIG. 11 is a view illustrating a mechanism of sup-
pressing occurrence of fractures in the late forming
step.
FIG. 12 is a view illustrating a target shape and a
problem occurring in a forming process of the target
shape according to the embodiment.
FIG. 13 is a diagram illustrating a mechanism of oc-
currence of wrinkles and fractures in the forming
process of the target shape illustrated in FIG. 12.
FIG. 14 is a view illustrating another example of the
preformed part in FIG. 4.
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Description of Embodiments

[0011] Prior to the description of the press forming tool
and the press forming method according to the present
embodiment, an example of a press forming part to be
formed in the present invention will be described with
reference to FIGS. 12 and 13. A press forming part 1
illustrated in FIG. 12 is a floor front cross member which
is an automotive part. The press forming part 1 includes
a top portion 3; a side wall portion 5 continuous from the
top portion 3, the side wall portion 5 having a recessed
portion 7 in which a bottom edge, which is a side portion
opposite to the top portion in a side view, is recessed
toward the top portion 3; and a flange portion 9 formed
outward on the bottom edge of the side wall portion 5.
[0012] The recessed portion 7 includes: a pair of in-
clined side portions 13 continuous from the bottom edge
11 being a portion having a large wall depth; and a re-
cessed side portion 15 being a portion connecting ends
of the inclined side portions 13 and having a small wall
depth. There are provided: a pair of first curved portions
17 curved from the bottom edge 11 being a portion having
a large wall depth to the inclined side portion 13; and a
pair of second curved portions 19 curved from the inclined
side portion 13 to a portion having a small wall depth.
The flange portion 9 formed in the first curved portion 17
is subjected to shrink flange forming, and the flange por-
tion 9 formed in the second curved portion 19 is subjected
to stretch flange forming.
[0013] When such a press forming part 1 is formed by
a conventional press forming method, wrinkles are likely
to occur due to an excess metal in a portion (portion a
surrounded by a round broken line in the drawing) that
is subjected to shrink flange forming, while fractures due
to material shortage are likely to occur in a portion (portion
b surrounded by a round broken line in the drawing) that
is subjected to stretch flange forming.
[0014] A mechanism of occurrence of the wrinkles and
the fractures will be described with reference to FIG. 13.
FIG. 13 is a diagram illustrating a material flow in the
forming process in portion EE surrounded by the broken
line in FIG. 12, illustrating a top view (FIG. 13(a)) and a
side view of (FIG. 13(b)) of FIG. 12. In FIG. 13, a broken
line is a tip of the blank before forming, and a solid line
is an edge of the flange portion 9 formed into a target
shape. In addition, points D and B in the drawing corre-
spond to R-finish (the boundary between a curve and
strait line) of the first curved portion 17 in the blank before
forming, and corresponding intersections of lines extend-
ing perpendicular to the edge of the target shape from
points D and B in the side view and the edge of the target
shape are points D’ and B’. Similarly, points A and E in
the drawing correspond to R-finish of the second curved
portion 19 in the blank before forming, and corresponding
intersections of lines extending perpendicular to the edge
of the target shape from points E and A in the side view
and the edge of the target shape are points A’ and E’. As
illustrated in the side view of FIG. 13(b), since the material

flows substantially perpendicularly to the ridge line (line
of bending), the material flows in a direction in which the
material gathers in portion a, and flows in a direction in
which the material leaves in portion b. Accordingly, wrin-
kles are likely to occur in portion a, while fractures are
likely to occur in portion b.
[0015] In order to solve such a problem, the inventors
have devised a press forming tool and a press forming
method in which a preformed part 20, which facilitates
inflow of a material from a portion where shrink flange
forming occurs to a portion where stretch flange forming
occurs, is interposed in the middle of forming, thereby
enabling avoidance of concentration of compressive
strain and tensile strain in each of the portions. Specifi-
cally, the press forming tool and the press forming meth-
od have the following configurations.
[0016] The press forming tool 21 according to the
present embodiment is used to form the press forming
part 1 as illustrated in FIG. 12, for example. The press
forming part 1 illustrated in FIG. 12 includes the top por-
tion 3; the side wall portion 5 continuous from the top
portion 3, the side wall portion 5 having the recessed
portion 7 in which a bottom edge, which is a side portion
opposite to the top portion in a side view, is recessed
toward the top portion 3; and the flange portion 9 formed
outward on the bottom edge of the side wall portion 5. In
addition, the recessed portion 7 includes the first curved
portion 17 continuous with the bottom edge 11 being a
portion having a deep wall depth, the inclined side portion
13 continuous with the first curved portion 17, the second
curved portion 19 continuous with the inclined side por-
tion 13, and the recessed side portion 15 having a small
wall depth, arranged in order from the bottom edge 11
being a portion having a deep wall depth. The flange
portion 9 formed in the first curved portion 17 correspond
to a shrink flange, and the flange portion 9 formed in the
second curved portion 19 corresponds to a stretch flange.
As illustrated in FIGS. 1 and 2, the press forming tool 21
include an upper die 23, a lower pad 27, and a lower die
29. The lower pad 27 works in cooperation with the upper
die 23 and forms the top portion 3, the side wall portion
5, and the flange portion 9 on the bottom edge 11 being
a portion having a large wall depth and the first curved
portion 17 in the side wall portion 5, and forms a torsional
shape portion 25 in the inclined side portion 13. The lower
die 29 is disposed adjacent to the lower pad 27, forms
the torsional shape portion 25 into the flange portion 9 in
cooperation with the upper die 23, and forms the flange
portion 9 in the second curved portion 19 and the re-
cessed side portion 15 continuous with the inclined side
portion 13. Note that the terms of upper and lower in the
upper die and the lower die are expressions indicating
their relative relationship, and thus, the positions are not
necessarily limited to the upper and lower positions, but
simply indicate that they are provided in a pair.
[0017] As illustrated in FIGS. 2 and 3(a), the upper die
23 includes a top forming portion 23a, a side wall forming
portion 23b, a bottom edge flange forming portion 23c,
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a first curved portion flange forming portion 23d, an in-
clined side portion flange forming portion 23e, a second
curved portion flange forming portion 23f, and a recessed
side portion flange forming portion 23g. The top forming
portion 23a forms the top portion 3. The side wall forming
portion 23b forms the side wall portion 5. The bottom
edge flange forming portion 23c forms the flange portion
9 on the bottom edge 11 of the side wall portion 5. The
first curved portion flange forming portion 23d forms the
flange portion 9 in the first curved portion 17. The inclined
side portion flange forming portion 23e forms the flange
portion 9 in the inclined side portion 13. The second
curved portion flange forming portion 23f forms the flange
portion 9 in the second curved portion 19. The recessed
side portion flange forming portion 23g forms the flange
portion 9 in the recessed side portion 15.
[0018] As illustrated in FIGS. 1 and 3(b), the lower pad
27 includes a lower pad top forming portion 27a, a lower
pad side wall forming portion 27b, a lower pad bottom
edge flange forming portion 27c, and a lower pad first
curved portion flange forming portion 27d. The lower pad
top forming portion 27a has a shape corresponding to
the top forming portion 23a of the upper die 23. The lower
pad side wall forming portion 27b has a shape corre-
sponding to the side wall forming portion 23b of the upper
die 23. The lower pad bottom edge flange forming portion
27c has a shape corresponding to the bottom edge flange
forming portion 23c of the upper die 23. The lower pad
first curved portion flange forming portion 27d has a
shape corresponding to the first curved portion flange
forming portion 23d of the upper die 23. In the lower pad
27, a portion between the lower pad first curved portion
flange forming portions 27d adjacent in an axial direction,
that is, a portion of the lower pad 27 facing the second
curved portion flange forming portion 23f and the re-
cessed side portion flange forming portion 23g of the up-
per die 23 is a hollow portion 31, and the lower die 29 is
disposed in the hollow portion 31.
[0019] As illustrated in FIGS. 1 and 3(c), the lower die
29 is movable independently of the lower pad 27. The
lower die 29 includes: a lower die inclined side portion
flange forming portion 29a that forms the flange portion
9 in the inclined side portion 13; a lower die second curved
portion flange forming portion 29b that forms the flange
portion 9 in the second curved portion 19; and a lower
die recessed side portion flange forming portion 29c that
forms the flange portion 9 in the recessed side portion.
[0020] Next, a method of forming the floor front cross
member illustrated in FIG. 12 as an example using the
press forming tool 21 of the present embodiment as de-
scribed above will be described. As illustrated in FIG. 4,
the press forming method of the present embodiment
includes a forming preparation step S1 of setting a blank
33 in the press forming tool 21, an initial forming step S3,
and a late forming step S5. Hereinafter, each step will be
described in detail with reference to FIGS. 4 to 11. In
FIGS. 5, 6, and 9 illustrating the movement of the tools,
the upper die 23 is drawn as a transparent perspective

view to demonstrate the forming state of the blank 33.

<Forming preparation step>

[0021] In forming preparation step S1, as illustrated in
FIG. 5, the blank 33 made of a metal sheet is placed on
a lower pad 27. At this time, the lower die 29 is retracted
downward, with its upper surface, that is, the lower die
recessed side portion flange forming portion 29c being
positioned below the lower pad bottom edge flange form-
ing portion 27c of the lower pad 27.

<Initial forming step>

[0022] In the initial forming step S3, as illustrated in
FIG. 6, the upper die 23 is moved toward the lower pad
27 up to a bottom dead center of formation. With this
process, the upper die 23 and the lower pad 27 form the
top portion 3, the side wall portion 5, and the flange por-
tion 9 on the bottom edge 11 being a portion having a
large wall depth and the first curved portion 17 in the side
wall portion 5, while forming the torsional shape portion
25 (FIG. 7) on the inclined side portion 13. In a state
where the upper die 23 illustrated in FIG. 6 has moved
to the bottom dead center of formation, the lower die 29
sandwiching the blank 33 does not exist at the portions
of the upper die 23 (FIG. 3) corresponding to the inclined
side portion flange forming portion 23e, the second
curved portion flange forming portion 23f, and the re-
cessed side portion flange forming portion 23g. Accord-
ingly, the flange portion 9 is not formed in the recessed
side portion 15 while the flange portion 9 is formed in the
first curved portion 17 on the lower end side of the inclined
side portion 13 illustrated in FIG. 7. This results in forma-
tion of the torsional shape portion 25.
[0023] As illustrated in FIG. 7, the torsional shape por-
tion 25 has one end side connected to the flange portion
9 formed in the first curved portion 17 while having the
other end side connected to a blank end 15a before form-
ing, resulting in forming the torsional shape. At the time
of forming the torsional shape portion 25, as indicated
by an arrow in FIG. 7, the metal inflow occurs from the
first curved portion 17 side to the inclined side portion
13, alleviating the excess metal in the shrink flange form-
ing, making it possible to suppress occurrence of wrin-
kles.
[0024] A mechanism of occurrence of the material flow
will be described with reference to FIG. 8. FIG. 8 is a view
illustrating the material flow in the forming process in por-
tion CC surrounded by the broken line in FIG. 7, illustrat-
ing a top view and a side view of the preformed part 20
in FIG. 7. In FIG. 8, a fine broken line is an edge of the
blank 33 before forming, a coarse broken line is an edge
of the preformed part 20, and a solid line is an edge of
the flange portion 9 in the target shape. Points A to E and
points A’ to E’ in the drawing are the same as those il-
lustrated in FIG. 13. That is, point A in the drawing is an
R-finish of the second curved portion 19 in the blank 33,
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and is a tip position of the torsional shape portion 25.
Point B is a point corresponding to one R-finish (FIG. 13)
of the blank portion having occurrence of shrink flange
forming in a conventional case, and point B’ is an inter-
section of a line extending perpendicularly to the edge
of the torsional shape portion 25 from point B in the side
view and the edge of the torsional shape portion 25. Point
D is an R-finish of the curved portion of the blank 33, and
point D’ is an intersection of a line perpendicular to the
edge of the target shape from point D in the side view
and the edge of the target shape.
[0025] Due to the shrink flange forming, the distance
from point B’ to point D’ is shorter than the distance from
point B to point D (B’D’ < BD), and wrinkles are likely to
occur in the first curved portion 17 due to the excess
metal. On the other hand, since the distance from point
A to point B’ is longer than the distance from point A to
point B (AB’ > AB) in a three-dimensional view, the ma-
terial is pulled toward point A and flows while deviating
from "substantially perpendicular to the ridge line" illus-
trated in portion a of FIG. 13. Therefore, the material flow
indicated by the arrow in FIG. 8 is generated, the material
flow being closer to point A as compared with the con-
ventional material flow indicated by the arrow in the wrin-
kle occurrence region in FIG. 13. This material flow alle-
viates the excess metal in shrink flange forming during
the initial stage of forming, leading to prevention of oc-
currence of wrinkles.
[0026] In the initial forming step S3, as illustrated in
FIG. 14, a bending portion 35 may be formed at an inter-
mediate portion of the side wall portion 5 in the height
direction having an angle at which the lower side of the
side wall portion 5 opens outward. The reason for this is
as follows. In application of the present invention, forming
the flange portion 9 while the side wall portion 5 is kept
vertical would increase a bending angle between the side
wall portion 5 and the flange portion 9 due to springback,
leading to high probability of occurrence of curl in the
side wall portion 5. By forming the bending portion 35,
the flange portion 9 can be formed with a tool having a
downward V-shaped tip. This makes it possible to have
a sharp bending angle between the side wall portion 5
and the flange portion 9, and possible to decrease the
height of the side wall portion 5 adjacent to the flange
portion 9, leading to suppression of the curl. As a result,
it is easy to form only a part of the flange portion 9, that
is, a shrink flange forming portion.

<Late forming step>

[0027] In the late forming step S5, as illustrated in FIG.
9, the lower die 29 is moved toward the upper die 23 in
a state where the blank 33 is sandwiched between the
upper die 23 and the lower pad 27 so as to form the
torsional shape portion 25 into the flange portion 9, and
the flange portion 9 is formed in the second curved portion
19 and the recessed side portion 15 to obtain a target
shape. In the forming process of the late forming step

S5, as indicated by the arrow in FIG. 10, by returning the
torsion from the torsional shape portion 25 that has ab-
sorbed the excess metal in FIG. 7, the excess metal caus-
es the metal inflow into the stretch flange forming portion,
alleviating the material shortage of the stretch flange
forming portion, leading to suppression of occurrence of
fracture.
[0028] A mechanism of occurrence of the material flow
will be described with reference to FIG. 11. FIG. 11 is a
view illustrating the material flow in the forming process
of the DD portion surrounded by the broken line in FIG.
10, illustrating a top view and a side view of FIG. 10. In
FIG. 11, a fine broken line is an edge of the blank before
forming, a coarse broken line is an edge of the torsional
shape portion 25, and a solid line is an edge of the flange
portion 9 in the target shape. In addition, points A to E
and points A’ to E’ in the drawing are the same as those
illustrated in FIG. 13.
[0029] Due to the stretch flange forming, the distance
from point A’ to point E’ is longer than the distance from
point A to point E (A’E’ > AE), and the material shortage
due to the forming of the flange portion 9 is likely to cause
an occurrence of fractures in the second curved portion
19. On the other hand, since the distance from point D’
to point E’ is shorter than the distance from point D’ to
point E (D’E’ < D’E) in a three-dimensional view, the ma-
terial is pushed toward the A’ side and flows while devi-
ating from "substantially perpendicular to the ridge line"
illustrated in portion b in FIG. 13. Therefore, the material
flow indicated by the arrow in FIG. 11 is generated, the
material flow being closer to point A as compared with
the conventional material flow indicated by the arrow in
the fracture occurrence region in FIG. 13. This material
flow alleviates the material shortage in the stretch flange
forming during the late forming step S5, leading to pre-
vention of occurrence of fractures.
[0030] As described above, according to the press
forming tool 21 of the present embodiment, by using the
upper die 23 and the lower pad 27, the flange portion 9
is formed on the bottom edge 11 being a portion having
a large wall depth and the first curved portion 17 in the
side wall portion 5 while the torsional shape portion 25
is formed on the inclined side portion 13. Next, during
the late stage of forming, by using the upper die 23 and
the lower die 29, the torsional shape portion 25 is formed
into the flange portion 9 while the flange portion 9 is
formed in the second curved portion 19 and the recessed
side portion 15, leading to the formation of the target
shape. With this configuration, the torsional shape por-
tion 25 that promotes the material flow to the portion side
where the stretch flange forming occurs is formed by first
forming only the portion of occurrence of the shrink flange
forming during the initial stage of forming. By forming,
during the late stage of forming, the portion that becomes
the stretch flange forming, it is possible to form the target
shape while suppressing the material shortage due to
the stretch flange forming by using the material flow from
the torsional shape portion 25.
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[0031] In this manner, the strain at a dangerous portion
where the shrink flange wrinkle occurs and the strain at
the dangerous portion where the stretch flange fracture
occurs are dispersed. With this configuration, occurrence
of wrinkles due to shrink flange forming is suppressed in
the initial forming step S3, and occurrence of fractures
due to stretch flange forming is suppressed in the late
forming step S5, leading to achievement of suppression
of occurrence of wrinkles and fractures throughout all
steps.

[Example]

[0032] In order to confirm the effect of the present in-
vention, press forming was performed using a floor front
cross member as illustrated in FIG. 12 as an example of
a target shape. The material was a steel sheet having a
tensile strength of 1180 MPa-class and a thickness of
1.4 mm. First, as Comparative Example, a target shape
was formed in one step without forming the torsional
shape portion 25, and press forming was performed by
a method of crash forming by using pad, in which the top
portion was held with a pad. Next, as Example of the
present invention, press forming including the initial form-
ing step S3 and the late forming step S5 was performed
using the press forming tool 21 described in the embod-
iment. In the initial forming step S3, the flange portion 9
is formed on the bottom edge 11 being a portion having
a large wall depth and the first curved portion 17 in the
side wall portion 5, and the torsional shape portion 25 is
formed on the inclined side portion 13. In the late forming
step S5, the torsional shape portion 25 is formed into the
flange portion 9, while the flange portion 9 is formed in
the second curved portion 19 and the recessed side por-
tion 15 so as to achieve formation of a target shape. In
addition, every forming step uses a method of crash form-
ing by using pad, in which the top portion was held with
a pad.
[0033] In the case of Comparative Example, wrinkles
occurred in portion a and fractures occurred in portion b
illustrated in FIG. 12, and the target shape was not suc-
cessfully obtained. In contrast, in Example of the present
invention, the press forming part 1 of high quality was
successfully obtained with no fracture or wrinkles in the
flange portion 9. As described above, the present inven-
tion is proven to be effective for suppressing stretch
flange fracture and shrink flange wrinkles in formation of
a press forming part having a flange portion and a greatly
changing side wall depth.

Industrial Applicability

[0034] According to the present invention, it is possible
to provide a press forming tool and a press forming meth-
od applicable to a press forming part having an occur-
rence of wrinkles and fractures in a flange itself and ca-
pable of simultaneously suppressing the wrinkles and
fractures occurring in the flange.

Reference Sings List

[0035]

1 PRESS FORMING PART
3 TOP PORTION
5 SIDE WALL PORTION
7 RECESSED PORTION
9 FLANGE PORTION
11 BOTTOM EDGE OF DEEP PORTION
13 INCLINED SIDE PORTION
15 RECESSED SIDE PORTION
15a BLANK END
17 FIRST CURVED PORTION
19 SECOND CURVED PORTION
20 PREFORMED PART
21 PRESS FORMING TOOL
23 UPPER DIE
23a TOP FORMING PORTION
23b SIDE WALL FORMING PORTION
23c BOTTOM EDGE FLANGE FORMING POR-
TION
23d FIRST CURVED PORTION FLANGE FORM-
ING PORTION
23e INCLINED SIDE PORTION FLANGE FORM-
ING PORTION
23f SECOND CURVED PORTION FLANGE FORM-
ING PORTION
23g RECESSED SIDE PORTION FLANGE FORM-
ING PORTION
25 TORSIONAL SHAPE PORTION
27 LOWER PAD
27a LOWER PAD TOP FORMING PORTION
27b LOWER PAD SIDE WALL FORMING POR-
TION
27c LOWER PAD BOTTOM EDGE FLANGE
FORMING PORTION
27d LOWER PAD FIRST CURVED PORTION
FLANGE FORMING PORTION
29 LOWER DIE
29a LOWER DIE INCLINED SIDE PORTION
FLANGE FORMING PORTION
29b LOWER DIE SECOND CURVED PORTION
FLANGE FORMING PORTION
29c LOWER DIE RECESSED SIDE PORTION
FLANGE FORMING PORTION
31 HOLLOW PORTION
33 BLANK
35 BENDING PORTION

Claims

1. A press forming tool for forming a press forming part,
the press forming part including: a top portion; a side
wall portion continuous from the top portion and hav-
ing a recessed portion in which a bottom edge, which
is a side portion on an opposite side of the top portion
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in a side view, is recessed toward the top portion;
and a flange portion formed outward on the bottom
edge of the side wall portion, the recessed portion
including a first curved portion continuous with the
bottom edge being a portion having a large wall
depth, an inclined side portion continuous with the
first curved portion, a second curved portion contin-
uous with the inclined side portion, and a recessed
side portion having a small wall depth, arranged in
order from the bottom edge being a portion having
a large wall depth, the flange portion being formed
such that the flange portion formed in the first curved
portion becomes a shrink flange while a flange
formed in the second curved portion becomes a
stretch flange, the press forming tool comprising:

an upper die;
a lower pad configured to

work in cooperation with the upper die to
form the top portion, the side wall portion,
and the flange portion in the bottom edge
being portions having a large wall depth,
and the first curved portion, in the side wall
portion, and
form a torsional shape portion at the inclined
side portion; and

a lower die disposed adjacent to the lower pad
and configured to

work in cooperation with the upper die to
form the torsional shape portion into the
flange portion, and
form the flange portion in the second curved
portion continuous with the inclined side
portion and in the recessed side portion,
wherein

the upper die includes:

a top forming portion configured to form the
top portion;
a side wall forming portion configured to
form the side wall portion;
a bottom edge flange forming portion con-
figured to form the flange portion on the bot-
tom edge that is an opposite side portion of
the top portion of the side wall portion;
a first curved portion flange forming portion
configured to form the flange portion in the
first curved portion;
an inclined side portion flange forming por-
tion configured to form the flange portion in
the inclined side portion;
a second curved portion flange forming por-
tion configured to form the flange portion in
the second curved portion; and

a recessed side portion flange forming por-
tion configured to form the flange portion in
the recessed side portion,

the lower pad includes:

a lower pad top forming portion;
a lower pad side wall forming portion;
a lower pad bottom edge flange forming por-
tion; and
a lower pad first curved portion flange form-
ing portion,

the lower die includes:

a lower die inclined side portion forming por-
tion configured to form the flange portion in
the inclined side portion;
a lower die second curved portion flange
forming portion configured to form the
flange portion in the second curved portion;
and
a lower die flange forming portion config-
ured to form the flange portion in the re-
cessed side portion, and

press forming is performed such that

by using the upper die and the lower pad
during an initial stage of forming, the flange
portion is formed in the top portion, the side
wall portion, and the flange portion in the
bottom edge being a portion having a large
wall depth and in the first curved portion, of
the side wall portion, are formed, and a tor-
sional shape portion is formed in the inclined
side portion, and
by using the upper die and the lower die
during a late stage of forming, the torsional
shape portion is formed into the flange por-
tion, and the flange portion is formed in the
second curved portion and in the recessed
side portion so as to achieve formation of a
target shape.

2. A press forming method for forming a press forming
part by using the press forming tool according to
claim 1, the press forming part including: a top por-
tion; a side wall portion continuous from the top por-
tion, the side wall portion having a recessed portion
in which a bottom edge, which is a side portion on
an opposite side of the top portion in a side view, is
recessed toward the top portion; and a flange portion
formed outward on the bottom edge of the side wall
portion, the recessed portion including a first curved
portion continuous with the bottom edge being a por-
tion having a large wall depth, an inclined side portion
continuous with the first curved portion, a second
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curved portion continuous with the inclined side por-
tion, and a recessed side portion having a small wall
depth, arranged in order from the bottom edge being
a portion having a large wall depth, the flange portion
being formed such that the flange portion formed in
the first curved portion becomes a shrink flange while
a flange formed in the second curved portion be-
comes a stretch flange, the press forming method
comprising:

an initial forming step of, by using the upper die
and the lower pad,

forming the top portion, the side wall portion,
and the flange portion in the bottom edge
being a portion having a large wall depth
and in the first curved portion, of the side
wall portion, and
forming a torsional shape portion in the in-
clined side portion; and

a late forming step of

moving the lower die relatively with respect
to the upper die while sandwiching a blank
between the upper die and the lower pad,
forming the torsional shape portion into the
flange portion, and
forming the flange portion in the second
curved portion and in the recessed side por-
tion so as to achieve formation of a target
shape.
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